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GIS was being used at Fort Hood in numerous applications, such as mapping the habitation of black capped vireo and golden cheeked warbler populations, managing cultural resource sites, and planning of military training activities. GIS activities were being pursued at several different offices on the installation, including the Environmental Division office, the Cultural Resources Management Team, the Natural Resources Branch, and the Integrated Training Area Management office. Many employees in these offices were concerned about the lack of a well-documented, centralized database for GIS data. By meeting the following objectives, the DER sought to address this concern.
• Provide a centralized repository accessible by the Fort Hood Intranet to archive, access, and manage data at the local level.
• Improve data quality and reusability through standardization, consistent management practices, and creation of metadata.
• Make data available to enterprise applications through a documented framework from which to access the data.
The DER also sought to benefit those who need to view maps from the system, but do not use a GIS, and to enable people offsite, who are performing work at Fort Hood, to get better access to the data they require for their work (Ruiz et al. 2001) . For many years, the primary focus of III Corps was to support NATO. As the world and the U.S. Army have changed, the III Corps has also changed, and expanded its focus to be ready to deploy at a moment's notice to any location, and win. The mission of the III Corps is to deploy to a theater of operations, conduct military operations across the spectrum of conflict, and redeploy.
In recent years, III Corps forces have fought in and supported operations worldwide, to include Grenada, Panama, Honduras, Saudi Arabia, Kuwait, and Iraq and have provided humanitarian support for Operation Restore Hope in Somalia. III Corps elements also provided support for Operation Joint Endeavor in Bosnia. III Corps major units are the 1st Cavalry Division and the 4th Infantry Division; the 3rd Armored Cavalry Regiment, the III Corps Artillery; and the 13th Corps Support Command.
Resource management challenges at Fort Hood
Some of the enduring land and resource management issues that Fort Hood faces include monitoring the impacts of training on Threatened and Endangered Species (TES) and testing TES population viability under alternative land management strategies. Land managers at Fort Hood are additionally responsible for ensuring that training areas maintain their usefulness for training activities by minimizing erosion and other land degrading activities. Land managers need to have estimates of erosion potential, trafficability problems, and flooding hazards to ensure safe and excellent training today while making sure that future training can be accommodated on the same landscape. Geographic Information Systems are essential to meeting these needs.
Objective
In late September of 2001 the Natural Resources Branch at Fort Hood, Texas, funded the operational implementation of the Data Enterprise Repository (DER). The DER was an Enterprise Geographic Information System designed to house GIS data collections at Fort Hood and to provide intranet access to that data for authorized users. The DER was also intended to provide a storage location for remotely sensed data gathered from weather station platforms located in Fort Hood's training areas. The implementation of the DER system involved the efforts of ERDC/CERL and the Texas Research Institute for Environmental Studies (TRIES). The objective of this report is to document those efforts and explain the lessons learned throughout the process. The report concludes with a summary of the current status of the implementation, and provides recommendations on future directions.
Approach
At the request of Fort Hood Natural Resources Branch, ERDC/CERL and TRIES undertook the steps to implement the DER. To accomplish the implementation three tasks had to be addressed: (1) the DER had to be installed and populated with installation GIS data, (2) a web site had to be developed to retrieve and link to the DER downloaded data collected from the remote instrument platforms located in the House Creek and Owl Creek watersheds, and (3) documentation on DER administration needed to be completed as an online user manual that could be provided to installation personnel. The tasks were assigned as follows: ERDC/CERL was responsible for Tasks 1 and 3; TRIES was responsible for Task 2 with on-site technical responsibilities for Task 1.
Mode of Technology Transfer
Researchers installed the DER and populated it with Fort Hood GIS data. They created a web site to retrieve data from remote instrument platforms and download the data to the DER. They also developed an online user manual for installation personnel. Following the successful completion of these tasks, researchers gave a training presentation on the system and provided an online user's manual to the Fort Hood personnel who have the responsibility for the ongoing administration of the system. See the Appendix for a presentation on DER 
Hardware
Hardware for the server component of the system at Fort Hood included three different computers. The three machines are identified below by name. Following each computer name is the software and data present on that computer. The operating system for all of these machines is MS Windows 2000.
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Installation of the software and hardware components proceeded with few problems. Sample GIS data was loaded from the Environmental Division office, the Cultural Resources Management Team, the Natural Resources Branch, and the Integrated Training Area Management office.
Task 2: Develop a website to retrieve and link to the DER the downloaded data from the remote instrument platforms in the House Creek and Owl Creek watersheds
Instrument Platform Description
The instrument platforms located on House Creek and Owl Creek at Fort Hood were installed in 1998. These two platforms collect weather and stream data to be used in watershed modeling intended to analyze the impact of training activity on erosion, soil moisture, flood control and other factors relating to watershed management (Smith and Leipnik 2001) . The platforms consist of Forest Technology Systems remote telemeter weather stations that have been further modified to accept stream level, turbidity, and soil moisture sensors (Leipnik 2001) . The weather station instruments include an anemometer, wind direction sensor, humidity and temperature sensor, a tipping bucket rain gauge, and a ponderosa pine fuel stick. The weather station instruments are mounted on a 4-ft by 4-ft by 5-ft (1.22-m by 1.22-m by 1.52-m) steel enclosure with a watertight door. The enclosure was designed to be bullet proof and is set in concrete for added support. Also attached to the enclosure is a 20-ft (6.1-m) mast supporting a cell phone antenna and a solar panel. Contained with in the enclosure is a Forest Technology Systems data logger, a deep cycle battery, a voltage regulator, a cell phone modem, and a Motorola cell phone. The stream level, turbidity, and soil moisture sensors consist of a bubbler-based water level sensor manufactured by Hydrologic Services of Australia, a laser backscattering-based turbidity sensor from McVan industries of Australia, and Gro-point dielectric constant soil moisture sensors. The sensors record data at 10-minute intervals; the data are stored in the data logger.
Collected data
The data collected by the instrument platform includes soil moisture in volumetric content over a range of 8 to 48 percent, stream level, turbidity, rainfall, temperature, relative humidity, fuel stick temperature, fuel stick relative humidity, wind speed, and wind direction (Leipnik 2001) . Derived indices include hourly precipitation and 24-hour precipitation, as well as maximum and minimum 24-hour figures for all meteorological parameters (Leipnik 2001) .
Data retrieval and DER website link
Due to Department of Information Management (DOIM) Security Protocols at Fort Hood, computers connected to the Fort Hood network cannot utilize cell phone communication to retrieve the data collected by the instrument platforms.
Since only a cell phone could be used to contact the stations, this activity was carried out by TRIES. The data was retrieved daily from the instrument platforms via a cell phone call from TRIES at Sam Houston State University. Once retrieved, the data were manually exported to a Microsoft Access database file format, which was then posted to a web site at Sam Houston State University. Fort Hood personnel could then access the web site and download the data to the DER.
Problems encountered
The development of the procedure to retrieve the data and website to display the data was completed successfully, but there were two persistent problems that plagued this activity. The first problem was that the instrument platforms were frequently breaking down and couldn't be repaired in a timely manner. This caused an interruption in data collection. Just as frequently the TRIES website was non-functional due to system administration problems at Sam Houston State University. Since both the maintenance of the instrument platforms and administration of the website were beyond the control of this project a solution to these problems could not be effected.
Figures 2 through 5 show some of the instrumentation on the instrument platform at House Creek. An identical instrument platform is in operation at Owl Creek. 
Task 3: Develop a User's Manual for management and administration of DER
Task 3 required linking of documentation developed by Dr. Gary Smith at TRIES and Dr. Marilyn Ruiz of the University of Illinois. Dr. Ruiz was retained for this purpose because she had extensive experience in the implementation of GIS enterprise systems. The resulting document entitled "Data Management Plan & User Documentation for the Data Enterprise Repository" was developed in a web page format so it could be posted on the Fort Hood Intranet making it easily accessible to users and the DER administrator.
Recommendations and Conclusion Instrument Platform Maintenance and Data Upload Problems
To keep the instruments operating and reporting in a continuous manner it is recommended that ongoing maintenance of the platforms be transferred to Fort Hood personnel or an onsite contractor that can respond and fix a malfunctioning instrument with in a 24-hour period. To accomplish this it is suggested that an automatic notification system be incorporated into the instrument platform that will notify Fort Hood personnel or an independent contractor of instrument failure. The maintenance team could then respond to the problem immediately. Additionally, an automatic notification system should be incorporated into the download and checking of daily data retrieval to ensure that the data being collected is within specified parameters. This system will notify maintenance personnel if the instruments are out of calibration and need recalibration. Modeling efforts that rely on this data require that it be collected in a continuous and uninterrupted fashion with a minimum of down time.
It is further recommended that the cell phone connection to the House Creek and Owl Creek instrument platforms be replaced with C-lines (standard land-based phone lines). This will comply with DOIM security protocols for a Fort Hood network computer to communicate directly with the instrument platforms, since a cell phone will not be used. Data could then be uploaded from the Fort Hood network computer eliminating the need for reliance on the TRIES website.
Continuing the Administration of the DER
At the completion of this project, the DER was implemented with a GIS sample data set from four Fort Hood Offices. The data set was accompanied by an online data management plan with user documentation. However, obstacles remained that needed to be addressed before the DER could be effectively used.
There was a question of whether or not to convert all the engineering data, which was in CADD format, to ESRI's GIS format. The ESRI GIS format can accomplish the majority of data manipulation requirements that CADD systems offer. The DER was developed using the ESRI GIS data format rather than the CADD format because it offered the greatest level of cross platform use compati-bility. Trying to accommodate both data formats was problem prone. Therefore it is suggested that all data in CADD format be converted to ESRI GIS format.
Also, of issue was the ongoing administration and maintenance of the DER software and hardware and the coordination of data quality control and uploading data into the DER. It is recommended that Fort Hood hire a full-time GIS database administrator to centralize the control of these activities. Having the GIS stakeholders from each of Fort Hood's offices responsible for these activities in a piecemeal fashion could lead to a lapse in system maintenance, especially during times when employees leave positions of responsibility. In addition, the level of understanding and oversight required would be more efficiently handled by a single individual.
Conclusion
Fort Hood is in an excellent position to move forward with Enterprise GIS, but administrative/management issues need to be resolved. In the short term, to keep the DER functioning properly, software support should not be allowed to lapse. This requires that funding be maintained for this purpose. At the conclusion of this project no funding had been identified for this purpose. In the longer term, the recently established GIS Process Action Team (PAT) is positioned to help to overcome current institutional issues that confront the introduction of any new technology and approach to daily work. From a technology perspective, the options are available today. Fort Hood needs to continue to build on its existing data, technology, and personnel structure to fully achieve an enterprise GIS solution.
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ABSTRACT
In 1998, the Engineer Research and Development Center's Construction Engineering Research Laboratory (ERDC/CERL) was tasked with evaluating options for an enterprise Geographic Information System (GIS) solution at a military installation. The goals of the evaluation were to determine a technical solution that would use commercial software to support both the daily GIS requirements of the installation as well as spatial modeling efforts. Fort Hood, Texas, was selected as a field site due to the mature GIS usage at the installation and the willingness of key personnel to cooperate in the project.
In late September of 2001 the Natural Resources Branch at Fort Hood, Texas, funded the operational implementation of the Data Enterprise Repository (DER). This report documents the implementation efforts and the lessons learned throughout the process. The report concludes with a summary of the current status of the implementation, and provides recommendations on future directions. 
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